Background: Inadequate pain management is linked to potential neurodevelopmental and behavioral problems. Sufficient knowledge in neonatal pain is required to facilitate optimal pain management. The aim of this study was therefore to assess the knowledge and perception of pain experienced by neonates requiring intensive care among pediatric doctors working in a level III neonatal intensive care unit in Malaysian hospitals.
Neonates' experience of pain has been extensively investigated over the last five decades, and there is evidence that they are able to perceive, process, respond to, and recall pain.
1,2 Based on the neuroanatomy and neurophysiology of neonates, Ballweg in 2008 concluded that unavailability of descending inhibitory neurotransmitters to modulate pain meant that neonatal patients experienced pain more intensely than adults or pediatric patients. 3 They respond to such noxious stimuli by a series of complex biochemical, physiologic, and behavioral alterations.
Pain is most common and intense in those who are admitted to the neonatal intensive care unit (NICU), where repeated, invasive procedures occur routinely. In 2008 Carbajal et al. found that over a 2 week period, neonates in intensive care underwent a median of 10 painful procedures per day, 79.2% without analgesia. 4 There is now convincing evidence that repeated neonatal procedural pain/stress, especially in very preterm infants in the NICU, may have the potential to adjust set points in biological circuits and alter brain microstructure and function, stress systems, neurodevelopment, and stress-sensitive behaviors. This suggests potential mechanisms that may contribute to the etiology of neurodevelopmental and behavioral problems in this group of children. 5 The International Association for the Study of Pain defines pain as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage". 6 The interpretation and experience of pain reported, however, is subjective, based on an internal construct of pain through the encountered injury. 3 Hence, neonates' inability to verbally indicate pain makes them dependent on others to recognize and treat their pain. Therefore, health-care professionals should be able to correctly distinguish and interpret changes in the neonates' physiological and behavioral responses, which may be subtle and individualized. Sufficient knowledge and competency in pain assessment is required for optimal pain management. Evaluation of the knowledge, perception and practice of health-care workers with regards to neonatal pain management is the initial step in determining barriers that exist in appropriate pain management in the neonates.
Young et al. in 2008 studied the knowledge, perception and practices regarding neonatal pain management among health-care personnel at tertiary hospitals in Kingston, Jamaica. 7 One hundred and forty-seven health-care personnel participated in the study, with a response rate of 85%. There was an overwhelming deficiency in knowledge and practice with regards to neonatal pain management. Seventy-three individuals (50%) were unaware of the degree of pain neonates were capable of experiencing, and only 38 (27%) knew that the premature infants were capable of feeling pain. One hundred and four (71%) were able to identify physiological markers of pain. Most respondents were able to differentiate between painful and non-painful procedures, but only 32% prescribed analgesia for procedures rated as painful. 7 In 2012, 101 pediatric resident doctors in Iraq were assessed on their knowledge with regard to the treatment of pain in neonates, specifically regarding perception and effects of pain, pain assessment tools, as well as the safety and efficacy of treatments for both procedural and long-term pain. 8 A self-administered questionnaire was used and a total score ≥5 was considered to be high. A total of 65% of the respondents had a total score <5. Pain assessment tools were not routinely used and were not perceived to be reliable or valid. It was concluded that knowledge regarding neonatal pain in the study sample was inadequate compared with developed countries, and that more educational programs and training on neonatal pain management were recommended. 8 A study in the UK in 2011 surveyed 199 doctors' and nurses' knowledge and practice regarding procedural pain assessment and management in the NICU. 9 The respondents were reported as knowledgeable, with a mean score of 82 AE 13.3%. The respondents agreed that neonates feel pain and need analgesia. There were statistically significant differences, however, between current and optimal practice. Analgesia and comfort measures were not usually used for most procedures. Few (30%) had received training on neonatal pain, and fewer (2.5%) used recognized pain assessment tools. Even though clinicians were knowledgeable about neonatal pain, gaps between knowledge and practice remain. 9 The aim of this study was therefore to assess the knowledge, attitude and perception of neonatal pain in practicing pediatric doctors in Malaysia. To the best of our knowledge, this is the first such study in Malaysia.
Methods
This was a cross-sectional study carried out in 24 hospitals equipped with level III NICU care in Malaysia in an 18 month period. All doctors with ≥6 months of working experience in an NICU were eligible to participate. This was a study encompassing universal sampling, with the aim of an 80% response rate.
A self-administered questionnaire, which was content validated, was used. This questionnaire was adapted with approval from Akuma and Jordan, 9 and from Nimbalkar et al. 10 The questionnaire was given to the respondents either in an arranged visit to the respective hospitals or by post. All respondents remained anonymous. Questionnaires that were completed were then either returned to the researcher on the same day or posted to the researcher using a self-addressed envelope provided. This questionnaire consisted of two sections. The first section consisted of demographic data, which included age of respondents, gender, professional position (consultant/specialist or medical officer) and number of years involved in neonatal patient care. The second section was divided into two components. The first component assessed respondents' knowledge regarding neonatal pain, and consisted of 16 questions with each correct answer given a score of 1. A reliability analysis was carried out and Cronbach's alpha showed the questionnaire to reach acceptable reliability, a = 0.74. The second component assessed respondents' perception of intensity of pain related to 14 procedures. A Likert scale rating painfulness from not painful to extremely painful was used. The study protocol was approved by the institution's Research Ethics Committee and National Medical Research Committee of Ministry of Health Malaysia.
Statistical analysis
SPSS version 22 was used for data analysis. Mean and standard deviation were calculated for continuous variables with normal distribution; median and interquartile range were calculated for continuous variables with skewed distribution; and frequency and percentage were calculated for categorical variables. Analysis of data was performed according to doctors' professional hierarchy and experience (≤4 vs >4 years). Chisquared test was used for analysis of categorical variables. Significance was set at P < 0.05.
Results
From the 24 participating hospitals, 423 doctors completed the questionnaire, giving a response rate of 85%. Total number of doctors whom were sent the questionnaire was 497. Most of the respondents (51.3%) were between 31 and 40 years of age. The majority were female (73.3%). Consultants/specialists comprised 25.8% (109/423) of the total respondents; with the rest (314/423) being medical officers. The number of years of experience in neonatal care ranged from 6 months to 30 years, with a median of 3 years (IQR: 1.5-5 years). Two hundred and eighty respondents (66.2%) had ≤4 years' experience in neonatal care ( Table 1) .
Awareness of tools available for neonatal pain assessment
Of the 423 respondents, 197 (47%) were aware of tools used for pain assessment, but only 6% used them in their daily practice. Seventy-five of the 109 specialist/consultants (68.8%) were aware of tools used for neonatal pain assessment, compared with 122 of the 314 medical officers (38.9%; P < 0.001). One hundred and twelve of 280 doctors (40.0%) with ≤4 years' NICU exposure were aware of tools available for neonatal pain assessment, whereas 85 of 143 doctors (59.4%) with >4 years of NICU exposure were aware of tools available for neonatal pain assessment (P = 0.001).
Assessment of knowledge regarding neonatal pain
The highest total score of correct answers obtained was 16 and the lowest total score obtained was 3. Mean total score was 10.5 AE 2.5. Those who had >4 years of NICU experience scored better than those with ≤4 years' NICU experience (mean score, 11.5 vs 10.1; P < 0.001). Consultants/specialists obtained a significantly higher total score compared with the medical officers (mean score, 11.9 vs 10.4; P < 0.001). Table 2 lists the proportion of correct responses for each statement regarding knowledge. The majority of respondents were aware that premature neonates do feel pain and agreed that neonates were more sensitive to pain compared with older children and adults. There was a trend towards consultants/ specialists being more likely to agree with these statements. A total of 63.4% of respondents agreed that paracetamol is a useful pain reliever in the neonatal period. The majority (82.7%) agreed that a neonate with moderate-severe pain could receive opioid medication. Most of the doctors deemed comfort measures to have a role in pain management. Doctors with longer clinical experience in neonatal care were more likely to agree with these statements. A total of 81.6% of doctors felt that vital signs were not reliable indicators of intensity of neonatal pain, and only 45.6% concurred that facial expression provided a specific and consistent pain response in neonates. Although 70% agreed that effective pain management in neonates reduces morbidity and mortality, only 40% of doctors were of the opinion that neonates were more likely to experience long-term consequences from painful experiences than older children (Table 2) . Generally, a higher percentage of consultant/specialists had correct responses for each statement compared with the medical officers. Doctors with longer clinical experience in neonatal care had a higher proportion of correct responses (Tables 3 and 4) .
Assessment of perception of pain
The majority (80%) of respondents deemed the following procedures painful: insertion of chest tube, arterial/venous cut down, i.m. injection, lumbar puncture, endotracheal intubation, venipuncture, tracheal suctioning, heel prick, insertion of feeding tube, insertion of peripheral i.v. line and removal of sticky tape (Fig. 1) . Most of the respondents were able to discriminate between painful and non-painful procedures.
Discussion
Inadequate pain assessment has been identified as the greatest barrier to pain management. This study provides useful and practical information regarding knowledge of neonatal pain among doctors in Malaysia, and their perception of pain experienced by the neonates. Of the 423 respondents, 197 doctors (47%) were aware of tools used for pain assessment in the neonate. A higher proportion of consultants/specialists (68.8%) were aware of availability of pain assessment tools as compared with 38.9% of medical officers; and a higher proportion They reported that a validated pain assessment score was used by 19% of NICU. 12 Jacob and Puntillo in the USA reported that, despite the fact that a pain assessment tool was already incorporated into the daily practice, 27.3% of nurses indicated that they were not using any tools to assess pain. 13 Increased awareness as well as constant emphasis on the importance of including pain assessment as part of daily practice, especially among the junior doctors, may promote better usage. Simons Table 4 Knowledge and treatment of pain in neonates vs length of neonatal experience and MacDonald in 2004 identified lack of knowledge or education as the main obstacle to the use of pain assessment tools. 14 Measures should be taken to incorporate pain assessment tools as routine in neonatal care.
Pain is associated with physiological, biochemical, behavioral, and psychological changes that can be documented and quantified. Of the behavioral changes, the facial expression of the baby is considered the most reliable and consistent indicator, 15 with the smallest interobserver disagreement. 16 Less than 50% of the respondents in this study were aware of behavioral alterations associated with pain in the neonates. Recognition of pain is the first step towards effective pain management. Thus, acknowledging pain as the fifth vital sign may generate an important change in professional practice.
In the present study, generally Malaysian pediatric doctors with ≥6 months of neonatal experience had fairly good knowledge of neonatal pain, with a mean score of 10.5. Furthermore, there was a statistically significant difference in the level of knowledge between consultant/specialists and medical officers, with a mean total score of 11.9 versus 10.4, respectively (P < 0.001) Doctors with >4 years of experience in neonatal care had better knowledge compared with those with ≤4 years of experience. Hameed and Sweedan, in a study of 101 pediatric resident doctors, concluded that >10 years of pediatric experience was associated with better knowledge (total score 43.8%, based on 13 questions assessing knowledge regarding neonatal pain) compared with doctors who had <10 years pediatric experience, who scored 31.9%. 8 This illustrates that the length of clinical exposure plays an important role in enhancing knowledge and improving practice measures in neonatal care. Longer service in the neonatal unit has been shown to be one of the factors associated with improved level of knowledge on this topic among health-care professionals. 9, [17] [18] [19] With longer clinical exposure, doctors are better exposed to neonatal care, including pain management, which is an important aspect of developmental care. The current training of junior doctors should not only place emphasis on treating the obvious medical condition, but also include pain management as part of the routine care of neonatal patients. The lack of specific training on neonatal pain may be a limiting factor in the effective management of neonatal pain.
Ineffective pain management may contribute to a higher morbidity and mortality rate among infants nursed in the NICU, especially those born premature, and may also lead to long-term consequences. The influence of neonatal painrelated stress on long-term cognitive outcomes may occur through altered brain function. 20 Repeated exposure to neonatal procedural pain/stress is associated with long-term alterations to neuronal structure and function, predominately affecting the frontal and parietal lobes. 21 Health personnel in Malaysia have access to scientific knowledge through didactic educational meetings, which is the most common continuous medical education activity. The educational meetings include conferences, seminars and workshops. Involvement in these educational meetings is mandated by a regulatory body in the country. According to a Cochrane review, educational meetings alone are not likely to be effective in mediating a change in complex behaviors required to produce a change of practice. 22 A mixed interactive and didactic education meeting (median adjusted risk difference [RD], 13.6) was more effective than didactic meetings alone (RD, 6.9). 22 Ivers et al. reported that continuous monitoring and reinforcement of desired behaviors through Audit and Feedback is potentially important to shape clinical practice. 23 Aymar et al. in 2014 studied the perception of a neonatal intensive care team regarding pain assessment and management before and after an educational intervention was created and implemented in the unit. 24 The development of its own protocol, as well as of awareness and involvement practices for all the staff in the transition process were some of the defined strategies. The use of pain assessment scales increased to 94.4% after the intervention, and 79.6% of the practitioners had perceived changes in pain assessment and management. 24 Educational intervention such as intermittent, short practical programs and motivational encouragement has also been shown to be of benefit by providing empowerment for change in practice. 25 Therefore, a combination of educational meetings and intervention, similar to the approach reported by Aymar et al., would be constructive in attaining better management of pain in neonates.
The majority of respondents in this study were able to discriminate painful from less/non-painful procedures. Similar to the Cignacco et al. and Simons et al. studies, 26, 27 endotracheal intubation, lumbar puncture, chest tube insertion, venipuncture and heel prick were described as the more painful procedures. In the present study, however, only a minority (<6% of respondents) routinely prescribed analgesia for these procedures. The reasons were that that the procedures were too short, and the adverse effects outweighed the benefits. Furthermore, prescription of analgesics is not routine practice in most centers.
In conclusion, clinicians involved in neonatal care, especially those with longer experience, were knowledgeable about neonatal pain. A gap exists, however, between knowledge of and practical application of pain management. Implementation of clinical guidelines to improve the quality of assessment and adequate pain management in neonates is recommended.
